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lHdlnt  to  tin  uononoclter  species  IrH.xICO) (dppe) .  For  l  •  I.  uononucleer 
dppo  coat  loin  art  alto  prepared  starting  utth  the  roactton  of  IrlylcO); 

♦  dppo  under  CO  to  /(old  lrI(CO)j(dppe).  *11  of  tha  dppa  cm*  le.es  in 
■MOMKlaar  utth  dppa  acting  at  a  chalata.  Tha  necessarily  clt  dtspottlon 
of  photphlna  donors  In  tha  nononnclaar  chelates  Is  readily  evidenced  bv 
"  !*T.!!?€tre,c,W  of  th*  Mrfda  conplaaas.  tovarslhla  addition  of  CO 
to  !rl(CO)(dppa)  (X  ■  (r.  I)  Is  also  observed. 
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Nono-  end  81 nuclear  Iridium  Carbonyl  Hydrides  Containing  D1 (tertlaryphosphlne) 
Ligands 


Barbara  J.  Fisher  and  Richard  Eisenberg* 


- -*  New  mono-  and  btnuclear  Ir1d1«mi(I)  carbonyl  halide  cooplexes  containing 

tl*  dtltwtt.ryphojphln.)  ligand,  PK'/ICHjJ'.mJ  (n-J.  dppo;  ,-J.  «*v>)  haw 
tom  prepared,  and  the  fometion  of  Irldlw(ltl)  hydride,  by  «j  oildattv, 
addition  ha,  been  studied.  The  blnuclear  caovleae,  [lr«(CO)(dppp)]j 
(I  ■  Ir.  I)  possess  trans  phosphine  donors  irith  the  dppp  ligands  bridging 
the  Ir(l)  canters.  Addition  of  H^yteld,  the  tetrahydrldo  spec  I  at 
[IrhjXCCOHdpgpl^ln  ^Ich  the  trans  ghotpMno  arrnnganant  at  aach  Iridlaa 
It  aatntelned.  Hoover,  upon  heating,  claaaaga  of  the  dinars  I,  aatad, 
leading  to  the  aononuclaar  species  inylCDHdpopl.'^To?  >  ■  I,  nononuclaar 
dPPP  coaplexes  are  also  prepared  starting  srith  the  reaction  of  lrlj(C0)j 
♦  dppp  under  00  to  yield  lrl(C0)j(#pp).  All  of  the  dppe  cobles  as  ere 
eononucleer  with  dppe  actlag  at  a  chelate.  The  necessarily  clt  disposition 
of  phosphine  donors  in  the  nononuclaar  chelates  It  readily  evidenced  Ip 
*H  anr  spectroscopy  of  the  hydride  coavlaaas.  heverstble  addition  of  CO 
to  lr*(C0)(dppe)  («  .  Or.  1)  Is  alto  observed. 


Introduction  Ptetal  hydrides  play  *n  1  portent  role  In  many  «etal  catalyzed 
reactions  such  as  hydrogenation,  hydroformylatlon.  the  water  gas  shift  reaction, 
and  CO  reduction  chemistry.1  For  this  reason,  the  preparation  and  reaction 
chemistry  of  transition  metal  hydride  coaplexes  have  been  studied  extensively. 
The  oxidative  addition  of  Ng  to  a  metal  complex  Is  one  of  the  most  1 portent 
methods  of  hydride  preparation,  and  one  of  the  most  relevant  In  the  context  of 
catalytic  properties,  since  this  reaction  represents  a  principal  node  for  the 
activation  of  Mg.  Since  Vaska't  Initial  report  in  1962, 2  It  has  been  known 
that  d8  IrldlumO)  phosphine  coolants  are  particularly  active  with  regard  to 
Mg  oxidative  addition. l€  This  reaction  Invariably  proceeds  with  els  stereo¬ 
chemistry  at  the  metal  center,  and  In  the  case  of  trans- IrCl (CD) Wj),  and  its 
analogs,  results  In  products  In  which  the  phosphine  ligands  maintain  their  trans 
disposition  as  shown  In  eqn.(1). 
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L  >  tertiary  phosphine 

In  this  paper,  we  describe  our  studies  on  the  synthesis,  characterization 
and  Mg  oxidative  addition  chemistry  of  rm  Irldfi*  conplexes  containing 
d1( tertiary  phosphine)  ligands.  Thase  ligand  systems  may  either  chelate  a 
single  wtal  center  or  bridge  two  Ir  Ions.  The  former  loads  to  a  £ls.  stereo¬ 
chemistry  of  phosphine  donors  different  from  that  observed  In  most  adducts  of 
Vasko't  amp  lex  and  Its  analogs,  while  tht  latter  produces  two  natal  centers 
In  close  proximity  for  the  binding  and  activation  of  substrates. 

The  relative  tendency  of  the  di( tertiary  phosphine)  ligand  system 
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PV(CVnP,’,'2  to  bridge  or  chelate  Is  shorn  In  eqn.(Z)  as  reported  by  Sanpr. 

In  cuts  reaction,  only  a  nonoonr  is  synthtstied  Kim  a-2,  Kitreas  dinars  forn 
Kim  n-t  and  3.3  Coapowd  3.  Klich  MS  first  raoortad  by  lasts,  fdnn  because 
of  tko  favorably  driving  force  of  flvo-naoborod  chelate  ring  fo  mat  I  on. 4  Coo- 
pleaos  4  and  |.  on  tbo  other  band.  Miniate  Mat  saean  to  bo  the  electronically 
favorable  disposition  of  traps  P  donors  vltb  the  creation  of  fece-te-face  diners 
of  I r ( I )  having  ligand  sets  slntlar  to  that  fowd  In  yaska's  comltx. 


llrd(cod)]2  a  PhjP(CH2)BPPh2  a  CO 


n  ■  1  dppo 
n  ■  2  dppe 
"  •  J  dppp 
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Oor  Interest  in  dlnerlc  coapoonds  of  this  type  ms  stlailated  by  the  notion 
of  too  natal  centers  In  close  pnulntty  for  the  activation  of  too  sMstratos 
slngltaneously,  or  for  the  actlvattM  of  a  single  substrata  using  both  nul 
centers  and  their  attendant  4e"s  (tao  d®*4®  oaldatlve  additions  on  a  single 
substrate).  Use  of  dppo  as  a  bridging  ligand  has  beM  explored  extensively  In 
face-to-face  diners  and  In  h-fraae  conn  lanes,  and  yields  a  relatively  rigid 
blnucleer  structure  tn  uhlch  natal  natal  distances  vary  betMM  2.7  and  J.S  !.* 
The  dppp  ligand,  on  the  other  hand,  aliens  a  no  re  flexible  blnucleer  structure 
etth  natal  ■natal  distances  ranging  up  to  *  ».*  The  cheolttry  of  these  system 
has  only  begun  to  be  explored.  Ptgnolct  and  Hang  have  fowd  that  S  oxidatively 


adds  Hg  to  fona  a  nlxture  of  the  dlhydrlde  [Ir2H2(C0)2CI2(dppp)2],  6.  old 
the  Utrahydrlde  [lr2H4(C0)jClj(dppp)2).  7  in  egn  (3).6 
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The  structural  assign— fit*  of  £  and  7  arc  supported  by  crystallographic  evi¬ 
dence.  Loss  of  Hj  frow  7  oppoors  facile,  and  the  1  ncrtned  sterlc  bulk  at 
one  Ir  conter  after  tbo  first  oxidative  addition  appears  to  Inhibit  reactivity 
at  0»e  second  —tel  center. 

Tbe  studies  described  In  this  paper  use  tee  work  of  Sanger  and  Ptgnolet 
as  a  starting  point.  Because  tbe  broao  and  lodo  analogs  of  Yaska's  co-lex 
were  known  to  bo  wore  reactive  tean  tbe  parent  chloro  systew,lrCl(CO)(— hj)2.* 
we  co— a  weed  studies  on  tbe  broao  and  lodo  analogs  of  5.  The  context  In  which 
our  studios  were  undertaken  was  the  develop— ut  of  reduction  catalysts  for 
C02,  a  goal  that  still  —Ins  to  bo  reached.  Based  on  Merskoviu*  wort.  It 
was  known  that  electron  rich  !r(l)  centers  are  capable  of  —acting  trite  COj  to 
fora  aetallocarboxylate  species.*  He  envisioned  that  tbe  presence  of  nearby 
hydrides  on  a  second  —tat  center  would  facilitate  the  desired  reduction  of 
bound  COg. 

The  Investigations  which  we  outline  hern  include  studies  of  blnwcloar  dppp 
co—  loses  and  the  hydrides  which  they  fora,  the  unexpected  cleavage  of  these 
diners  Into  —nuclear  species,  os  —11  as  tee  for—  tlen  and  reaction  dwarfs  try 
of  previously  unknown  —clear  co—  !e— s  containing  only  a  single  dlftertlary 
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phosphine)  ligand.  These  Mononuclear  coemlaxts  represent  cls-phosphlne  analogs 
of  the  well  studied  IrX(C0)l2  system. 


fxoerluentol  Section 

Physical  Measurement*.  Mlcroanalyaes  were  performed  hy  Galbraith  Laboratories. 
Infrared  spectra  wire  recorded  on  a  Pert  In- El  wr  467  Grating  Infrared  Spectre- 
photometer,  'h  emr  spectra  Mere  recorded  with  a  Broker  MM-40Q  400  MU  spec- 
t remater.  31 P  ear  spectra  Mere  recorded  with  a  JEOL  FT  100  spectraneter  at 
41. 2S  MU  or  a  truker  MM00  spectrwwter  at  162  MU.  Gas  chromatography  was 
dona  on  a  Hewlett  Packard  S7Q0A  g.c.  interfaced  with  a  Hewlett  Packard  3 MM 
Automatic  Integrator. 

Carbon  monoxide  wet  te  tec  ted  on  either  12  feet  of  Povepak  Q  or  2  foot  of 
Molecular  Sieves  5A.  Molecular  Nj  Mas  detected  on  the  anlecular  stem  colmw. 
In  all  g.c.  detection.  1/4*  oolumts  Mere  used  at  42*C  using  Me  as  the  carrier 
gas  and  thermal  conductivity  detectors .  The  flow  rate  of  Me  wet  36-48  M/arte., 
and  retention  times  of  1.0S  and  1.3S  minutes  were  observed  for  and  CO, 
respectively,  on  the  Poropek  Q  column,  end  0.31  and  4.1,  respectively,  on  the 
molecular  sieves  colmw. 

Has  ion  ts.  All  operations  were  performed  under  Hg,  CO  or  Hj  wing  wdlfied 
Schlencfc  techniques.  Tetrahydrofwran  and  bonnne  wart  dried  oeer  m  and 
distilled  under  Hj  before  use.  l1s(d1pheny1phosph1eo)e thane  (#pe)  and 
bis (dl phony Iphospbf no )propane  (#pp)  were  purchased  free  Steam  Cheadcal  and 
recrystal  11  ltd  from  boiling  ethanol.  8fo  bonds  ware  purchased  frem  Ha-had. 
Tetrewthytono  sulfone  (sulfolane)  was  purchased  from  Aldrich  m4  distilled 
twice  (first  tine  from  Pf0j)  Iwmdlately  prior  to  use.  All  ether  reagent  grade 
chemicals  ware  purchased  oamwrclal  1y  eed  used  without  further  puHflcattae. 
Throughout  IftA  •  totro-n-butylawwnlum. 

(TVAXIr(CO)fBrf].  Cleere  and  Griffith's  procedure  for  preparing  Me  ana logwa 
Mi  conpeund  was  fellamed*  Typically  IrC1,-(iyO),  (1  g)  end  Mr  (1  g)  were 
refluxed  In  a  1:1  (*/».  20  M.)  mixture  of  formic  acid  and  hhr.  foe  system 


ims  open  only  to  a  Mineral  oil  tMdbler,  «1  lowing  the  CO^  generated  during  the 
reduction  to  escape.  After  12  to  24  hours,  the  solution  had  turned  pile  yellow. 
(If  the  solution  had  not  turned  pale  yellow  in  24  hours,  an  additional  1-2  tL 
of  fonalc  acid  was  added,  and  the  re  filming  continued  until  a  pale  yellow 
solution  was  obtained.)  After  cooling  under  a  Moderate  streen  of  Nj.  tatra- 
butylaanonlue  brawl de  (1  g  in  5  *.  of  HjO)  wes  added.  The  product  precipitated 
as  a  yellow  powder.  An  additional  10  to  20  *  of  water  wore  added  and  the 
dilution  cooled  on  an  Ice  bath  to  Insure  an  almt  quantitative  yield.  The 
product  was  washed  with  cold  water,  ethanol  and  ether.  The  product  wes  racrystal 
11  zed  from  boiling  Isopropanol.  The  product  wes  also  obtained  In  good  yield 
by  forster's  aethod  (see  below). 

ITMJIlrlCO^I^.  Forster's  procedure  ms  follonaa. 10  Typically  Irtlj-lHjOlj 
(1  g)  Md  IHI  (I  g)  mi,  rafleaad  l<  D  4  of  U  «jt  I,  2-Mtbaxyatbanol  under 
n>  axtrwaly  slon  flon  of  CD,  jo.  s  4/nln.  After  about  12  ten,  CM  solution 
Md  turned  I»l,  yellon.  IM  solution  ana  «M  undar  a  term  af  CO  to  row 
tewaratura.  and  utrab.Cyltew.lM  Iodide  (I  g  In  30  4  of  HjO)  m,  addad. 

IM  product  p racipitaud  aa  a  ynllon  paadar.  TM  product  mi  Mtbad  nltb  cold 
niter,  cold  Itopnwanal  Md  pantaill,  aw  mi  racrytulllnd  from  telling 
lupropnnol.  TM  prodnet  la  air  iwllln,  and  stow  Id  M  giopated  1  tend  lately 
On  fora  us.,  dr  ttdrdd  under  v  acute. 

[IrjC1j(C0)j(dpw)2],  i-  Tbit  CM, Ida  mi  anwrdd  by  Sangar's  ddtbdd.3 
yield,  H.  101. 

[lr;lr,(C0);«ded);].  I  A  aeletlw  ef  O.M  g  (O.AJ  welee  ef  (TIAXIrtrjtCS),] 
and  0.)  g  (0.83  Molet)  ef  dpp,  net  ttlrred  In  aettoaa  (It  4)  ter  24  Hours. 

TM  ydlteet  solution  Initially  duo  I  add  CO.  A  gale  pracipiuta  farMd  after  about 
IS  teiwuti  CM  solution  cleared  after  a*  additional  15- 3D  nl antes.  TM  datlrw 
product  Pagan  to  precipitate  after  1  b,  but  ted  solution  ms  allamd  u  ttlr  far 
an  additional  A  b.  IM  pollan  pracipiuta  nas  Mtbad  ultb  cold  acetone,  and 


EtjO.  TM  Isolated  ponder  nas  analytically  pure.  Halo:  0.«t  g,  MS.  anal. 
Calcd.  far  1 ' 2CsaHS2°2Pa,r2 :  *•  4,  ,)  "•  P-  8  ;  found:  C.  4S.5;  H,  3.8; 

P.  8.5.  TM  rnMlndur  of  tto  product  can  bn  Isolated  by  tM  addition  of  HjO 
(0.5  4.)  to  tM  filtrate  and  ttlrrlm  oromlgnt. 

[lr;l;(C0)2(teg,)?).  I.  bong  and  Plgnolot't  Mtbod*  MS  nodtflod  at  fbllaM. 

HI  (2  gl  In  EtW  (ca.  30  4)  MS  addad  to  a  slurry  of  0.15  g  [Ir;  clj(C0)j(dppp)2] 
to  banaana  (ca.  20  4).  IM  aalutlw  nas  Maud  at  M‘C  and  tM  yallan  praclfttata 
nteltartd  by  l.r.  After  t  b.  ten  Mtattosll  bf  I'  far  Cl~  nas  cawlato  at  tMM 
by  shift  of  .n  la  IM  It.  (un-  1050  tm"’  for  |  and  .&■  1*80  far 
(lr2C12(G0)2(4ppp)2]).  The  precipitate  wes  filtered,  eh d  washes  with  CtON  an* 
ttjO. 

[Ir2H4»r2(C0)2(#pp)23,  1£.  A  0.S  g  (0.*  waeles)  seeple  of  |  wes  dissolved  in 
100  A  of  OtjClj.  The  seletlen  was  >ippe<  and  flushed  with  Nj  several  ttwes  and 
then  stirred  vlgerewsly  under  ^ •  1  «ta  nf  Hj.  After  24  h,  the  selutlen  had  lest 
Its  yellew  enter.  The  preduct  precipitated  as  a  colorless  pewder  after  the 
addition  of  20  A  of  fW  (tftt,  followed  hy  raweval  ef  a-  20  *.  ef  OtjCy 
Yield:  0.42  g.  041.  Anal.  Calc,  for  Ir2CSiM9i02%>f2:  C*  47,1 1  N* 

Pg  0.7;  »r.  11.2.  fewd:  C,  47.0;  N,  4.0;  P,  S.S;  Or,  11.4. 

Pr2M4t2(CQ)2(dppp)2],  1^-  A  0.2  g  (0.13  weoles)  sawpla  of  £  wet  dissolved 
1«  10  wL  ef  TMF,  end  placed  under  an  atneiphere  ef  N|.  The  seletlen  rapidly 
lest  Its  yellew  color  (ca.  0.S  h),  bwt  wes  allowed  to  stir  at  re on  tanporotwra 
for  4  h.  Ethanol  (20  *.)  wes  added,  end  TNT  was  rawed  until  the  predict 
pracTjUnted  es  a  colorless  pewder.  The  product  cee  bo  racrys tainted  fran 
hot  CNjCIj  under  Hj. 
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[lrgH2»r2(CM)z(«lppp)2].  12.  A  0.1  *  (0.07  aulas)  srapla  o'  | Ml  dissolved 
in  15  d  of  CHjCIj  and  Oil. tod  ulA  l!M  1».  Tka  solution  Ml  tkoraogkly 
0*901100  mo  plocotf  undar  «j.  Om  aquUalrat  (1.7  d.0.07  raol**)  of  Hj  at 
I  a  to  Ml  lOM  usln*  a  pmsium-lo*  pal  tIAt  syrlnA.  TO*  solutlra  oat 
vtpotonsly  lt1r*M  for  24  howl.  £  Moral  (IS  d)  Ml  aOdt*  an*  At  CkjClj/THF 
otaturo  ruravad  until  A*  product  pnclpltatod  11  a  ytlloo  pcodar.  Hold: 

0.0  p.  001. 

lrl(C0)2(d»pp).  U-  A  0.14  I  IMll  of  dppp  In  10  d  af  TkF  Ml  add*  to  0.2*  « 
of  [T*AKIrI2(C0)2]  undar  CO.  Tho  solution  Ml  Itlrrod  at  ram  AMtntura  radar 
CO  oMrnlpfit.  durlnf  Midi  tint  cryitalllno  [T1A]1  praclpltatod.  Ctkanal  (cl. 

1  d)  mi  addad.  rasultln*  In  Hit  dliiolutlan  of  tka  [T0A]I  and  tka  prnclpl tatlan 
of  a  colorlau  aatarlal.  (701*  calorltss  praclpiuta  kaa  an*  1*30  as*’, 
and  Ml  taantlflao  ai  lr(dppp)2(CO)I  kr  M»lo*y  to  tka  kaaun  Ir(dpp*)2(CO)Cl 
Midi  It  color laii  and  has  ona  1*1)  da*1.)  Tka  ytllau  lalutlan  Ml  flltarad 
aaaay  fro*  tka  praclpiuta  and  tka  TOP  ranmnd  ky  roUry  auaporatton  Mill  tka 
datlred  product  praclpluttd  at  a  bHfht  ynllau  a  radar.  Tlald:  0.15  *.  571 
Anal.  Calc,  for  IrC^Hj^jPjt:  C.  44.2;  H.  1.1;  P.  7.*.  found:  C,  44.27; 

H.  1.54;  P.  5.0*. 

liu2l(c0)(dppp|.  J4.  A  Sara  la  of  U  Ml  ditto  load  In  CtON/TNF  (ea.  1:4,  u/r) 
undar  Nj.  Md  H,  uat  tlraly  butklad  ArauA  tka  aalutlon  (ca.  5  d/uln).  Aftar 
12  k  Ik*  solatia*  mi  colorless,  and  Ik*  product  kid  turttd  to  praclpiuta. 
Vlyoraut  tukklln*  of  Kj  ArauA  tka  solatia*  ntultad  1*  to*  praclplutlon  of 
tka  ratt  of  tka  product  at  a  calorltst  poudtr.  TO*  product  ms  flltarad  1*  air, 
uasoad  ult*  psntana,  and  racrytulllaad  fro*  hot  CkjClj  undar  kj.  Tlald:  >505. 
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IH^irlCQUdppkl .  g.  A  0.1  *  (0.07  MBits)  sanpl*  of  UJ  ms  autoload  1* 

10  d  of  CHjCIj  and  dllutad  with  20  d  of  TOP.  Trlttoylaalne  (1  d)  Ml 
addad,  and  tka  sotutlM  placid  undar  u.  1  at*  of  Hj.  Tka  solutlra  ms 
stlrrud  at  *5*  for  12-24  hours.  Tka  sol  von  t  (includin*  trlatkyltBlM)  uat 
raaouad  radar  vacua*.  Tka  solid*  ran  dlttoluad  1*  a  adalara  oolrat  af 
aettaua,  and  Mtar  ms  addad  ratll  tka  product  Satan  u  praclpiuta.  utully 
a*  a  croon  calnrad  paudar.  Tka  product  cm  t*  racrysullUad  fra*  hot 
O^Clj  undar  Hj.  Coral**  ]4  era  b*  prana  rad  by  Alt  ratkad  fra*  c*a*l*s  n , 
tut  at  laast  24  kauri  of  Matla*  It  raaalrad. 

IrOrlcnHMra).  g.  A  0.1  «  (0.25  raalat)  stMl*  af  AM  dlttultu*  la  ca. 

7  d  af  1»P  m  aOdad  A  0.1*  «  (0.25  Malts)  of  [nkXIrOr2(CO)2]  dlssaluad  la 
5  d  of  TkF  cm  ltd  to  -70*C.  Tka  solatia*  MS  allauad  u  ran  to  rat*  t**- 
pantura  mr  30  Ms.  Ethanol  (10  d)  uat  addad  t*  tka  fraction  solution  rai<* 
Mt  AM  raducad  In  valraa  Min*  a  rattry  avuaratur  until  A*  product  crytul- 
llaM  m  art  At  oranpa  alcracqrsula.  Tlald:  0.1)  y.  751. 

Irl(COKMM).  JJ.  A  0.1  o  (®-2*  Malts)  taapln  af  MM  dUraluad  In  ca.  7  d 
•f  TkF  ms  addad  to  0.2  i  (0.2*  ra)  of  [T*Clrl2(00)2]  dltMluad  I*  a-  5  d 
TkF.  Tka  Mi  turn  MS  Mats*  M  «0*C  Ur  15-20  Ma  tnlkra  CMlInf  A  ram  Mb- 
paratun.  Aftar  Alt  Mm.  A*  Milan  talutlM  tumid  kr'AI  prints-  tAaral 
(10  d)  uas  At*  addad  A  tka  arrafi  solution  aad  sol  rant  rratutd  until  A* 
product  praclplUAd  as  an  ora*A  paudar.  As  product  It  ncrysullltad  fran 
Sat  kanaaaa/tttN.  TAld:  0.1  p,  SO*.  Aral.  Calcd.  Far  IrCj^OP,!: 

C.  45.5;  k,  3.2;  P.  5. 3.  Found:  c,  43.7;  k,  3.*;  P.  0.3d. 


inyKCOHMra)  (f*r(U),  1(g)).  A  taMla  of  or  1J  uas  dltMluad  1* 
kanpiM  radar  <  Hj  *taptpk*ra  tnd  stlrrad  ratll  A*  solutlra  lost  1U  *r**A 


The  reaction  of  [IHCOJjirj]'  as  It*  fr-bu^M  salt  with  the  dl (tertiary 
phosphine)  ligand*  dppp  end  dppo  $irm  as  a  convenient  root*  to  th#  fonaatlon 
of  1r1tf1u*<f  j  phosphine  complexes.  Iftlte  both  ligand  system  react  to  fore 
■owonwclaar  tpoclos,  ooly  dppp  Is  observed  to  fere  b< nuclear  comleaes  as  wall. 

llnuelaar  dooo  Co— lane*.  The  room  tewperature  reaction  of  [*4«4N](lr(C0)2Sr2] 
with  *99  1"  *c« ton*  tartar  leads  to  tha  evolution  of  CO  and  th*  ossantlally 
quantitative  production  of  th*  pal*  yollow  coaplax  [IrjBr^CO^dppp^].  8. 


Th*  dl— rlc  structure  of  |  Is  assffned  based  on  olawental  analyses,  the  J,f(  HJ 
nnr  spectrun  which  shows  only  singlets  Indicative  of  trees  9  dinars, 13  the  18 
spactnaa,  and  by  analogy  with  the  chloro  cmplex,  first  reported  by  Sanger. 3 
An  approxl— t*  wolacwlsr  weight  datemlnatlan  using  Ho  load  filtration  (sat 
C*er1mntal  Sactlon)  indicates  a  wolecalar  weight  ef  sk-  14P9  for  J  consistent 
with  Its  blneclesr  farwwlatlon.  Conductivity  anasarenents  them  |  to  be  t 
nonelec trolyt*  in  IMF  selwtlen.  The  CO  ligands  In  |  am  shown  In  •  cl*  orien¬ 
tation  because jtm  carbonyl  stretches  st  1984  and  1919  as*1  am  ohsermd  In 
Its  18  spnctmn.  loth  v^'s  am  indicative  of  torafnol  CO  coordination  to 
i  Quart  planer  Ml).  Additional  sappert  for  the  s  tree  tarn!  assfp— at  of  | 
derives  fron  its  reaction  with  Mj  which  gives  an  essentially  quantitative 


yield  of  a  single,  easily  characterised  bf nuclear  product  (vida  Infra). 

The  Infrared  and  31P  n nr  spectral  data  for  8  and  all  following  cowpowndt 
am  presented  In  Table  I. 

The  lode  comlex  J  Is  prepared  by  eet* thesis  ef  Iodide  for  chloride  In 
comlax  This  nsthod  was  first  used  by  Hang  and  Plgnolet.  who  famd  that 
|  prepared  by  this  route  has  only  a  single  carbonyl  stretching  frequency  In 
the  IK  spec  trim  (at  1990  cn‘ 1 ) .  *  based  on  the  single  v^.  9  Is  assisted  a 
structure  with  the  CO  ligand*  In  the  trees  orientation  as  In  tha  previously 
reported  chloro  comlex  £,  bet  In  contrast  with  the  breno  analog  {.Hang  and 
Plgnolet  have  also  found  {  to  have  e  3,P  ear  spectrun  containing  only  one  sharp 
singlet  at  14.0  ppn. 

The  oxidative  addition  of  to  |  end  |  yields  blnuclear  hydride  comleaes 
as  shown  In  Eq.(4).  Under  1  ate  Hj  In  CN^CI^,  8  and  {  fore  th*  tetmhydrlde 
caplrxrs  j{  and  The  forwetfon  of  In  TMF  at  2S*C  Is  ossantlally  cow- 
plat*  within  1  hour  coapemd  with  24  hours  for  th*  femetlon  of  Jg  and  only 
incomplete  conversion  of  the  chloro  comlex  5  to  Its  tetrehydrlde  7  under  the 
sane  conditions.  This  observation  Is  consistent  with  the  nation  of  increased 


[IrX(CQ)(dppp)]g  ♦  2H, 
8  -  8r,l 


reactivity  with  halide  ligand  In  IN  < 
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rder  Cl<tr<l.  The  saw*  order  ef  reactivity 


was  found  for  the  addltloe  of  Hj  to  trees- MC0)8(PPhj)t.  Wl,br.l 
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to*  «  spectres  of  ]£  contain  too  .^'s  (m5,  I  MO  ca*1!  uhlle  that 
of  H  contains  only  ono  (19a  cn*1).  toe  too  v^'s  of  l£  chan*  In  relative 
Intonolty  In  solution  indicating  Mat  they  Oolong  to  different  s ocelot. 

Stneo  ]£  Is  know  to  lose  Kj  roodlly.  no  propose  Mo  vM  at  IMS  cn"1  to  bo 
*o  to  Irldlondl  cartonyl  resulting  free  reductive  ol  Ini  nation  of  Hj  at  ona 
of  tba  Irldlioi  canton. 

Iba  'k  nor  spectra  of  10  and  fro  visa  toy  Intonation  Moot  Mo  struc¬ 

ture  of  tbeto  caaloaas.  too  toll  (H  nor  spectrw,  froa  mo  to  -20  ppa,  of 
JS  '*  •><  "wra  1-  tonne  arn  tbnaa  groups  of  na  on  in  cos,  ton  phenyl 

ysotoas  at  a..  4*7  ppa  are  sol  It  into  too  stows  -  tba  ortbo  pro  tana,  aid  tba 
total  pan  pbanyl  protons.  Tba  aatbylons  protons  of  ton  dppp  ligand  an  split 
Into  too  broad,  syewtrical  resonances,  noaoaoclear  dacoopliag  Indicates 
tkat  tba  broadness  Is  doe  to  pkoapkono  cowling,  last,  tba  pair  of  triplets 
of  datotots  In  tba  bydrlda  region,  aapandad  in  ton  Pig.  1  Inset,  latognto 
at  tour  protons  cowered  to  too  toalse  aathylona  protons.  Indicating  a  tnira- 
bydrida. 

Tba  pair  of  triplets  of  datolott.  tapantod  by  a-  »  PP>,  Indicate  that 
the  bydrlda  Uganda  an  trees  to  eery  different  ligands.  Ilia  doMlet  split¬ 
ting  of  )  Ht  It  due  to  bydrlda-bydrlda  cowling,  aa  than  by  boaaoclear 
dacowllag  oapartnants.  Wan  each  triplet  of  datoleta  It  Imdlated,  tba  other 
on  collapses  to  a  slwto  triplet,  tola  Indies  tan  Mat  the  bydrlda  ligands 
are  ill  to  each  ether,  too  triplet  wllttlng  If  11  Ha,  and  It  dw  to  tba 
cowling  of  toe  owl  «a  loot  P  a  tan  to  too  hydride  ligands,  too  P  donors  an 
tbenton  nacoaaarily  trees  to  each  other  and  els  to  the  bydrlda  ligands  In 
Jiand  Ji- 

too  MP  aw  of  JJ  contlsu  of  *  sharp  singlets  to  in  appmalntsly  4:1 
ratio  .and  confine  no  asstgawnt  of  Iran  P  ligands.  Ilia  observation  of  too 


singlets  It  consistent  srttb  the  31P  nor  spectra  of  e  and  7  nasund  by  tong 
and  Plgnolot,  oho  rational  lied  the  nlnor  resonance  as  duo  to  the  IH1)  cantor 
of  Me  Ird)-lr(III)  dinar  fornad  by  incowloto  Hj  oaldatleo  addition  or 
reductive  aliadnation  of  ona  tola  of  Hj  free  tba  tr(lll)-lr(Ill|  totnhydrida. 
7.*  tola  owloaatlto  Stow  tost  satisfactory  since  both  7  and  10  loan  Ity 
easily,  and  ]£  ashlbl ts  too  vjq's  la  solution,  ona  of  uklth  It  attributable 
to  IridlwU)  carbonyl. 

toe  and  nP  anr  spectral  data  for  JO  and  are  cant  Is  toot  eltk 
structure  &  about  uadi  Ir  cantor  In  uklck  the  pkosphlan  ligands  are  treat . 
too  bydrlda  llgnd  treat  to  CO  glens  rite  to  Mo  resonance  at  -l.i  ppa.  uhtta 
Me  bydrlda  treat  to  halide  glees  rise  to  tba  oat  at  -li.7  pan  la  the  'h 
tor  spectres.  too  aaslpaaat  of  the  hydride  resonances  it  by  analogy  to  Mo 
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f 

A 

kMM  hmmcImt  4ihy4r1to  catotoan.  IrHj*(CQHf«j)r  Wl.lr.I,  Mhlch 
pwiwi  fmtry  A,  «tou  mr  sHctn  to*  vary  tiallir  hytolto 
to  *•  UL  U*  >ua^^'  m  toftolto  r*9loa  la  tto  lN  mr  ipKtrw  of 

IrHjCHCOHPICHjJjtfADj  cantata*  to*  triplets  of  totolats  at  «»-7. M  an4 

w*.1*  for  tto  coap1*a  I«MCtz(tt)(A(CM))2(»li))|.  la  tot*  tto  bydrlto 
it  fcMMa  to  to  tram  to  tto  toll  to,  tto  tfo«1*  tHplat  t*  tow*  at  -15.7  p**.1- 
Tims  tto  PyArtto  at  -1A.X  ppa  t*  lrM2C1(00)(r(CN9)2(to))t  it  astlgpo*  at 
trow  to  cMorlto.  Many  slat  Ur  tumibt  tow  toaa  totolatto  «•*  s*n*st  tto 
tototollor  Mat  ftytfrtto  tfpsato  tnm  to  bait  tot  appear  at  coast**?**)*  Mgtor 
fltlto  Him  thou  tnat  to  carbonyl  9 nm-**  Ito  ^  aar  tpactral  tota  tor 


IrM2»r(CO)(Pft»3)2,  copies**  I£  and  N.,  and  related  cop  lose*  which  raw  In 
to  bo  discussed  are  tabulated  In  Table  11. 

Will#  ptl  sizing  the  preparative  procedure  for  ]0,  It  ues  found  that 
oxidative  addition  of  only  a  single  m locale  of  to  |  can  be  accopllshed 
to  fom  tbe  tr(l)-lr(lll)  dl hydride.  Jf.,  analogous  to  f  reported  by  Flgnolet 
and  Mono.6  In  acetone,  tbe  reaction  of  |«itb  Kj  yields  e  nixtvro  of 
and  12.  as  evidenced  by  tbe ’m  nor  tpoctrw  ablcb  cental m  three  pair*  of 
triplets  of  dM*lots.  Tbe  pair  et  «*•«.«  and  -18.7  ppn  Is  attHbeted  to  tne 
tetrahydrtp,  10.  Tbe  four  nan  triplets  of  doublets  are  found  at  -t.4, 

-8.8,  -18.2  and  -18.8  ppn.  Mban  a  sanple  of  Oils  nix  tore  Is  sealed  In  an 
nor  tube  under  vacuus,  and  spectra  recorded  at  Hourly  Intervals,  these  new 
resonances  are  observed  to  pain  Intensity  at  tbo  expense  of  tbe  resonances 
assigned  to  tbe  tetrabydrlde,  ]£.  Hewnucloor  decnupllnp  experloents  relate 
tbe  -8.4  ppn  tHplet  to  tbo  -18.8  poo  triplet  and  tbe  -8.8  ppn  triplet  to 
tbe  -18.2  triplet.  Indicating  tbe  presence  ef  toe  species  In  addition  to  1£. 
These  two  species  correspond  to  bio  pow trie  Isenen  of  tbe  Ir(l)-Ir(III) 
dlbydrlds  copies  ]£.  Tbe  addition  of  one  epelvdlent  of  Hj  to  a  GHjCIj 
solution  of  £  under  also  results  In  tbe  fometim  of  tbe  pate  yellou 

dl  bydrlda  j|,  and  tbe  nor  spec  true  ef  a  sanpte  of  prepared  this  way 
contains  tbe  four  new  triplets  of  doublets  described  above. 

bpnonwcl ear  c  ^oplexop.  A  nenaneclear  Ir<l)  dppp  copies  can  also  be 
forsod  freo  tbe  reaction  pf  lr(C0)2l j  ultb  dppp.  Tbe  rooo  teeperature  reaction 
of  Ir(C0)2l2  «1tb  dppp  leads  to  tbo  evolution  of  CO  and  tbe  Isolation  of  an 
orange  copies,  22-  1W*  exhibits  two  carbonyl  stretching  frequencies 

(2040,  1985  co'1)  In  both  solution  end  solid  state  18  spectra,  and  sbous 
only  one  singlet  In  tbe  3V  nor  spoctroa.  A  ool  ocular  uel^it  data  ml  nation 


by  freezing  point  depression  yields  a  no  locular  welpt  of  715,  indicating 
a  nononucloer  foroulatlon  for  U.  Copound  13  Is  not  air  sensitive  during 
short  periods  of  exposure  (<15  oln) .  The  copies  reacts  with  in  ban  zap 
over  24  h  to  fona  a  now  hydride  copies  14,  along  with  the  evolution  of  CO. 

This  non  hydride  species  14  eidilbtts  only  one  In  the  18  spectrun 
(am  Table  I)  and  Has  a  pry  different  'h  nor  spectnai  than  Is  observed  for 
tbe  dl eerie  hydrides  7,  W  and  IX-  Tbe  nor  spectrun  of  14  Is  shorn  In 
Fig.  2.  The  Pin  foe  turns  of  tbe  hydride  pattern  are  two  groan  of  resonances 
separated  by  -6  ppn,  one  of  ublcb  Is  a  broad  doablet  of  doublets  and  tbe  other 
a  ao re  coplica  ted  pi  tl  plot.  Tbe  spectrun  Is  consistent  ultb  cbeolcally 
dlfforent  f  nuclei,  end  tbn  ppltude  of  tbe  larger  deublet-of-doublets 
splitting  (J^_H  •  120  Hz)  suggests  that  op  of  tbe  hydrides  is  trots  to  a 
phosphine  donor.  The  second  hydride  Is  located  trip  to  Iodide  based  on  Its 
chootcal  shift.  In  addition,  the  3V  nnr  spectrun  of  U  consists  of  two 
doublets  with  30.5  Hz  copllng.  Indicative  of  two  dtearically  Inequivalent 
£ll  f  ligands. 

The  spectroscopic  date  provide  tbe  basis  for  a  consistent  Interpretation 
of  the  reactions  Involving  Ir(CO)2I2  ♦  dpp  and  as  shewn  In  Eq.(S).  The 
Initial  product  having  of  2040  end  1955  an"1  Is  pnonucleer.  unlike  the 
other  dPPP  coplexes  forend  In  analogous  reactions.  Tbe  two  carbonyl  stretches 
Indicate  a  clt  disposition  of  CO  ligands  in  tbe  ceplex.  This  copies, 
Irt(C0)2(#pp),  Is  thus  assigned  structure  1£u1th  •  chelating  dl  (tertiary 
phosphine)  llgpnd.  The  singlet  In  tbe  ** P  nor  spectra  of  |1  is  deo  to  the 
s to reochewl ca  1  nonrigidity  of  this  five  coordlwto  d*  species.  Tbe  reaction 
of  U  with  Hj  leads  to  Ins  of  CO,  which  is  detected  In  tbo  gat  phase  ebon 
tbo  solution,  end  helps  confine  tbo  fomulatlon  of  at  a  nononuclear 
dl  carbonyl  copies.  Tbo  reaction  with  H,  loads  to  tbo  fometlw  of  U 
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which  posies  ms  structure  8,  and  gives  rise  to  one  and  one  vJr_H  in  the 
IR.  An  alternative  blnucleer  fomulation  of  ]£  with  bridging  dppp  llgends 
In  els  positions  of  the  coordination  sphere  Is  ruled  out  based  on  highly 
unfavorable  sterlc  Interactions  between  neighboring  di phenyl phosphl no  groups, 
the  aononuclear  nature  of  13,  and  parallel  reaction  chenlstry  observed  using 
*pe  which  is  discussed  below. 


Cleavage  of  Blnucloar  dooo  Hvdridts.  The  aononuclear  dppp  dihydride  Ji,  and 
Its  browoanalog,  li*2Br(CO)(dppp).  jj.,  can  also  be  fotmd  by  cleaving  the 
blnuclear  tetrahydrldes  |0  and  Jl-  When  Ct«2Cl2  or  THF  solutions  of  1£  and 
J1  are  heated  In  the  presence  of  l€t3  a  striking  change  occurs  in  the  hydride 
region  of  the  nwr  spectra  after  2-5  hours  for  1£  and  12-24  hours  for  IK 
Specifically,  the  resonances  characteristic  of  the  trans  f  donors  of  ]0  and 
JX  are  replaced  by  those  consistent  with  the  cl s  P  donors  shorn  for  U.  The 
change  fro*  trans  to  els  P  donors  occurs  with  a  cleavage  of  the  binuclear 
hydride  systeai  to  the  aononuclear  structure  H  as  shown  In  Eg.  (6).  The  cleavage 
of  10  can  also  be  effected  by  prolonged  heating  of  10  under  Ar  or  C02  (24  Hours). 


MX 

CO 


(6) 


When  a  stailar  experfnent  was  carried  out  with  l^,  the  comlex  deoMposed 
during  the  24  hour  experinent. 

The  lack  of  Integrity  of  1£  as  a  blnucloar  species  wes  surprising  since 
Pignolet  and  Wang  have  enployed  |  as  a  decartonylatlen  catalyst  at  1$0*C, 
and  have  not  observed  diner  cleavage.6  Moreover,  reactions  of  sHtflar  com¬ 
plexes  having  dppn  bridges  under  a  variety  ef  conditions  have  revealed  no 
tendency  of  these  diners  to  break  apart  Into  uononerlc  species.  Our  observa¬ 
tion  of  diner  cleavage  provides  an  Important  caveat  to  studies  based  an  using 
di-  and  poly(tertiary  phosphine)  ligands  to  hold  two  or  oore  natal  atone 
together  In  system  having  structural  Integrity. 

dPPe  Conplexes.  In  order  to  provide  additional  support  for  the  structural 
atsfgnaents  of  as  aononuclear  species,  the  analogous  complexes  with 
dppe  In  place  of  dppp  were  synthesised  and  characterised.  The  ligand  dppe 

shows  a  much  greater  tendency  towards  chelation  than  does  dppp,  and  only  rarely 
form  a  bridge  between  two  netals.*5  The  new  aononuclear  wono(dppe)  conplexes 
lr(CO)X(dppe) ,  £  (X*8r)  and  17  (X*I).  are  prepared  by  reacting  [n-lu4h)(Ir(CO)2X2] 
with  dppe  In  THF  or  benzene  according  to  £q.(7).  Form t Ion  of 
lr(C0)(dppO2,  3.  cannot  bo  avoided  in  this  reaction,  but  the  two  different 
products  can  be  easily  separated  because  of  their  greatly  different  solubilities. 

<n-8u4)(Ir*2(C0)2J  ♦  dppe  - -  Ir  (7) 

OT  P-1 

14  X  -  8r 

12  X  -  I 

Conplexes  16  and  17  have  very  slallar  spectroscopic  properties  (see  Table  1). 

The  single  .gj  of  1980  cn*1  for  and  1980  of1  for  17  and  the  two  doublets 


ti 


In  the  nmr  spectm*  of  each  coaplex  provide  good  evidence  that  16  end 
17.  ere  mononuclear  mono(dppe)  species.  It  is  surprising  that  complexes  J6 
and  17  have  not  been  reported  previously  since  they  are  els  phosphine  analogs 
of  the  well  studied  systems  trans-lrX{CO)l2  where  l  Is  a  tertiary  phosphine. 

Solutions  of  the  orange,  square  planar  Ir(I)  complexes  16  and  17  In  THF 
or  CM2Cl2  reset  rapidly  with  H.,  to  form  the  mononuclear  dlhydrlde  species 
and  19,  respectively.  These  complexes  ere  readily  Isolated  as  colorless  crystals 
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by  the  addition  of  EtOH  and  nanval  of  solvent  under  a  stream  of  The 

Ir(lII)  dlhydrlde  coop  1 exes  ]|  and  19  es  Isolated  are  considerably  less  soluble 

than  their  Ir(I)  precursors.  However,  they  do  lose  H2  on  standing  In  air. 

Co^lexts  18  and  19  are  spectroscopically  similar  to  complexes  U  and  15  (see 

Tables  (  and  (l|.  The  nmr  spectrum  of  18  Is  shown  In  Fig.  3  and  en  expanded 

view  of  the  hydride  reglan  is  shown  In  the  Inset.  The  “downfleld"  hydride 

resonance  Is  a  doublet  of  doublets  of  doublets  (Ju  D  •  1J0  Hi;  Ju  B  ■  17  Hi; 

H‘Ftran*  els 

**  »epereted  from  the  "upfletd"  hydride  wlttplet  by  9. ppm. 
Irredlatlon  of  the  upfleld  wultlplet  results  In  loss  of  the  smallest  doublet 
splitting  in  the  downfleld  hydride  resonances,  leaving  a  doublet  of  doublets 
pattern.  The  observation  of  hydride-hydride  coupling  for  18  and  19  represents 
the  only  difference  In  their  *M  nmr  spectre  from  those  observed  for  the 
analogous  dppp  complexes.  14  end  IS. 

An  Intriguing  aspect  of  the  Hj  oxidative  addition  to  16  and  [1  is  that 
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complexes  |rX(C0)(dppe)  where  X-Br.  I  have  buvn  dascrlbtd  as  has  th«1r 
reaction  chewlstry  to  fora  reverslbla  adducts  with  H.,  and  CO. 
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